].
The large-scale geometry of magnetic clouds is well-described by a force-free magnetic field represented by a set of helical field lines confined to a flux tube (flux rope) [Burlaga, 1995; Wu et al., 1995; Low and Hundhausen, 1995] connection which effects the disconnectionof the footpoints [Gosling et al., 1995] .
Indeed, Goslin 9 [1990] This cloud has been fit using a force-free "constant a" helical flux rope model resulting in cylindrical Bessel functions:
The fitting result was awarded a rating of "1: excellent" on the subjective
Lepping quality scale. This scaleincludesthe ranks 1 for "excellent", 2 for "good", 3 for "poor" and "cl" for "cloud-like" Lepping et al. [1997] refer to this as a "shock-in-formation," a compression still steepening into a shock, or a shock-like structure which seems to compress the magnetic field. We will simply refer to it as a shock. The magnetic field direction, as illustrated in Fig. 1 
where the three components are the GSE x, y, and z directions, respectively, and the field direction is
so that 1_. fi = 0.073 (0 = 85.8°) so that the wave appears to be propagating almost perpendicular to the magnetic field (consistent with the bottom two panels of Fig. 3 which show little direction change in the magnetic field), but parallel to the shock normal (within 11°) and parallel to the magnetic cloud axis (within 30°).
Remnants in a Magnetic
Cloud 9 The eigenvalue ratios were A3/)_1 = 11.7 and )_2/-_1 = 2.0 so that the propagation direction is not well-determined, although the inferred propagation direction fits into our interpretation reasonably well as this propagation direction is consistent with the shock being the source of this monochromatic wave. The eight panels in Figure  6 show the fits to eight three-second segments of MFI high resolution data. Table 2 lists the fit parameters corresponding to each panel in Fig. 6 . Here ml is the d.c. offset, m2 is the amplitude, and m3 is the frequency. 
using a value for cos 0kvsw of 0.565 from equation (3) The high resolution electrostatic mass spectrometer MASS, part of the SMS (SWICS/MASS/STICS) packageon the Wind spacecraft, was designed so that the particles passthrough a spherical deflection system prior to entering the timeof-flight assembly [Gloeckler, 1990; Gloeckler et al., 1995; Hamilton et al., 1990] . et al., 1998; Crooker et al., 1998; Gosling el al., 1995] . 
Shock Orientation
One of the unusual features of this internal shock is its orientation which is roughly perpendicular to the magnetic field and anti-parallel to the cloud axis (see Table  1 ). Chao et al. [1999] Table 1 ).
(4) Because the reconnected field lines are thrust outwards at about 1000 km/s, and the field lines in front of them are travelling more slowly, the field after the shock passes maintains the same direction, but is compressed and increases in magnitude as observed in the data shown in Fig. 3 . (5) 
Plugging this back into the ion equation (4) and solving for the density yields
where TII,: is the temperature in Kelvin. If the expansion is assumed radial and flux is conserved, then the magnetic field magnitude may be determined by
and the Alfv_n speed, v,, using the relation
where B is in Tesla, p is in kg/m 3 and v, is in m/s.
Using this model with a reasonable range of values for T, p0 and B0 at one solar radii produces an Alfv_n speed of about 1000 km/s (the speed of tile proton beam observed by MASS) at a distance of between 1 and 5 or so solar radii. Figure  13 shows tile model results for Alfv_n speed and density for T = 1.6x10 6 K, p0 = 1.Txl0 -12 kg/m 3, and B0 = 1.3x10 -3 T. Table  2 "or- 
